The negative effect of invasive species on native species, communities, and ecosystems is widely recognized, and the economic effects in the United States are estimated to be billions of dollars annually. Studies often examine traits of nonnative species or examine what makes a particular habitat invasible. To better understand the factors governing invasions, we used the flora of Nebraska to characterize and compare native and nonnative plant occurrences throughout the state. In addition, we assessed four critical landscape predictors of nonnative plant richness: human population size and three land cover attributes that included percentage of grassland, percentage of agriculture, and percentage of public lands. Results indicated that individual plant species richness has increased by about 35% through invasions (primarily of annuals from the family Poaceae). In addition, human population density, percentage of agriculture, and percentage of public lands all show a positive association with nonnative plant richness. Successful plant invasions may change the composition of species communities, basic ecological functions, and the delivery of ecosystem services. Thus, identifying the factors that influence such variation in distribution patterns can be fundamental to recognizing the present and potential future extent of nonnative plant infestations and, in turn, developing appropriate management programs.
Invasive species are both consequences and drivers of global change (Vitousek et al. 1996) , and invasions alter native species and communities (e.g., D'Antonio and Vitousek 1992; Mack et al. 2000; Mooney and Cleland 2001; Orrock et al. 2008; Pimentel et al. 2000) . Invasive species can alter the structure and function of ecosystems and, in turn, the relationship among species and ecological processes and ultimately ecosystems services (Charles and Dukes 2007; Pejchar and Mooney 2009 ) and ecological resilience (Allen et al 2010) .
Many approaches have been taken to understand and predict the occurrence and effects of biological invasions, including observational studies (Lonsdale 1999; Stohlgren et al. 1999) , experimental studies (Kennedy et al. 2002; Naeem et al. 2000) , and modeling (Higgins et al. 2000; Peterson et al. 2003) . In turn, multiple hypotheses have been proposed to explain nonnative species invasions, and frequently, these hypotheses are based on comparing characteristics between native and nonnative species (e.g., Smith and Knapp 2001; Thompson et al. 1995) , identifying particular attributes of invaded habitats, or both (Blossey and Notzold 1995; Heger and Trepl 2003) . For many nonnative plants, growth rate, nutrient use, stress tolerance, herbivore resistance, and seed production and dispersal are plant traits that contribute the most to successful invasion (Daehler 2003; Lloret et al. 2005; Pyšek and Richardson 2007; Rejmánek and Richardson 1996) . Growth form (annual, biennial, perennial, forb, shrub, etc.) and life form (Phanerophytes, Chamaephytes, etc.) are the most frequently examined traits; however, few patterns are consistent across studies (Pyšek and Richardson 2007) .
Nonnative species distribution may be associated with land use, land cover, and human activities, such as those creating transportation corridors, agriculture, and recreation (D'Antonio and Vitousek 1992; Larson et al. 2001; Mack et al. 2000; Pimentel et al. 2000; Pyšek et al. 2010; Sutton et al. 2007 ). For example, urban areas often contain a relatively high number of nonnative species (McKinney 2001 (McKinney 2006 Rejmánek 2003) ; the flora in European cities can have up to twice the proportion of nonnative species compared with neighboring rural areas (Pyšek 1998; Roy et al. 1999) . Many nonnative plants are introduced through landscaping, which, in turn, is correlated with human population density. In addition, studies have noted that grasslands tend to have fewer nonnative species (Maskell et al. 2006; Pyšek et al. 2002 Pyšek et al. 2010 when compared with surrounding nongrassland areas.
Factors influencing nonnative plant richness include taxa, habitat quality, native species diversity, and other variables . Given the effects that nonnative species can have on native biodiversity (Heywood 1989) , disturbance regimes (D'Antonio and Vitousek 1992), and ecosystem structure and function (Chapin et al. 2000; Vitousek et al. 1997) , it is important to identify what factors may be contributing to nonnative species distributions. Several recent studies have described nonnative plant attributes or examined associations of nonnative plant distribution and land use (Lloret et al. 2005; McKinney 2006; Pysek et al. 2010; Radford and Cousens 2000) , and some have attempted to do both in a single study (Vicente et al. 2010; Whitney and Gabler 2008) . But, studies tend to examine only a few species (Ibanez et al. 2009; Van Clef and Stiles 2001) , which limits inference across species, or the studies that do examine larger suites of species may only examine associations with one particular land-use type (e.g., GavierPizarro et al. 2010; Lundgren et al. 2004 ). In addition, few studies have investigated diverse groups of nonnative species at a broad scale (but see Gavier-Pizarro et al. 2010; Ibanez et al. 2009; Pysek et al 2010) . Research at broad spatial scales has important theoretical and management implications because biological invasions are detrimental to many ecosystem functions and processes and can affect ecological resilience (Allen and Holling 2010) .
Using data from the Nebraska flora, our goals were to (1) characterize native and nonnative plant species by their growth and life form, (2) examine the distribution of native and nonnative species by habitat type, (3) determine whether human population size and land-cover attributes predict nonnative plant species richness, and (4) determine nonnative plant species richness by county. Understanding landscape associations with nonnative plant richness can potentially help us to infer introduction pathways, which may be particularly important in states, like Nebraska, where much of the landscape is privately owned (which can create additional challenges for the management of nonnative species across large landscapes). In Nebraska, more than half of the state's human population resides in three counties of eastern Nebraska, creating a population and land-use dichotomy across the landscape (urban in the east and rural in the central and west). This study offers a unique insight into nonnative plant distribution in urban vs. rural communities and the modes of nonnative plant introduction.
Materials and Methods
The geographic extent of our study was the state of Nebraska. A list of the native and nonnative plant species in Nebraska was compiled from The Flora of Nebraska (Kaul et al. 2006) . Species represented by at least one herbarium specimen during the past 200 yr and that grow outside of cultivation are represented in these data. Although sampling bias tends to occur in herbarium data, this data set was based primarily on the field data collected by the three authors of The Flora of Nebraska (Kaul et al. 2006 ) who collected plants in every county in Nebraska and thus is relieved of spatial bias, to some extent. Some data were obtained from herbaria records and published literature. These data, therefore, represent ''snapshots'' of the distributions of plant species. Species occurrences were assessed by collections within a county. Information on life and growth form and resident habitat was also obtained from The Flora of Nebraska (Kaul et al. 2006) . Habitat categories were based on the wetland indicator codes from the U.S. Department of Agriculture (USDA) Natural Resource Conservation Service PLANTS database (2010).
We obtained county-level demographic data (human population size as of July 2009 and county area) from the Nebraska Department of Natural Resources website (2010). We acquired land cover (percentage of grassland and percentage of agricultural development) from the Great Plains Geographic Information System Partnership (Bishop et al. 2009 ) and obtained public lands data from the U.S. Geological Survey, National Biological Information Infrastructure, Gap Analysis Program (2010). We used ArcGIS 1 9.0 to calculate the percentage of grassland, the percentage of agriculture, and the percentage of public lands per county using the Nebraska County map shapefile 2 from the Nebraska Department of Natural Resources (2010).
We calculated nonnative species richness and normalized the data by the geographic area of each county. We also normalized human population data by the geographic area of each county to obtain density estimates. Several variables (nonnative species richness, human population, and percentage of public lands) were natural-log-transformed to meet the statistical assumption of normalcy.
We used an information-theoretical model selection approach to weigh evidence among multiple competing hypotheses, which can be beneficial when there are several predictors with multiple combinations expected (Burnham and Anderson 2002) . We created regression models to predict county-level richness of nonnative plant species and used Akaike Information Criterion (AIC) and informationtheoretical model selection (Burnham and Anderson 2002) to compare 12 different models (Table 1) and determine which variables (percentage of agriculture, percentage of grasslands, percentage of public lands, and human population density) influence nonnative plant richness. The effect of each variable on nonnative plant richness was measured independently (single-variable models) and in a few combinations. Because human movements may contribute to the observed distribution of nonnative plants, we also included a model with percentage of public lands and human population density. The final model included all four variables together. We calculated differences in AIC values between the best model (lowest AIC) and the other models to rank them in relation to their support based on the data. We identified the most parsimonious models (i.e., those that provided the best fit of the data) as those within 10% of the weight of the highest-ranked model.
Results
There were 1,545 native and 459 nonnative plant species documented in Nebraska. Native plants were primarily perennials (72%), but nonnative plants were primarily annuals (51%; Figure 1a ). Forbs (herbaceous flowering plants, excluding grasses) were the most common growth form for both native and nonnative plants. However, more of the native plants were perennial forbs (47%), and more of the nonnative plants were annual forbs (35%; Figure 1b ). Native and nonnative species consisted of 136 and 79 different families, respectively, and most families represented less than 10% of the total, with the exception of Asteraceae (15% native, 11% nonnative) and Poaceae (10% native, 17% nonnative). Both native and nonnative plants were most frequently found in upland-type habitat (39.5% and 51.6%, respectively; Figure 2 ). However, a higher proportion of native plants occurred in wetland habitats than the proportion of nonnative plants (Figure 2) .
We created regression models to predict county-level richness of nonnative plant species and used Akaike Information Criterion (AIC) and information-theoretical model selection (Burnham and Anderson 2002) to compare the 12 different plausible models (Table 1) and to determine which variables (percentage of agriculture, percentage of grasslands, percentage of public lands, and human population density) influence nonnative plant richness. Information-theoretical model selection identified two models that were best supported by the data, that is, those that were within 10% of the weight of the highest-ranked model (Table 1 ). The top-ranked models suggested that all three land-cover attributes influence nonnative plant species richness in Nebraska, however, with varying strengths and in opposing directions. Nonnative plant richness increases with increasing agriculture (albeit weakly) and with public lands and decreases with increasing grasslands (Figures 3a-c) at the county level. Human population density is also included in the top-ranked models and has a positive association with nonnative plant richness (Figure 3d ). The lowest-ranked models, those not supported by our data, included only single variables (i.e., percentage of agriculture, percentage of grasslands, etc.), suggesting that these factors alone do not influence nonnative plant richness but rather a combination of factors as shown by the top-ranked models.
The spatial distribution of nonnative plant species richness indicates that counties in the northeastern corner of the state (Figure 4 ) have more nonnative species. This region of Nebraska has relatively high human population densities and a large percentage of agriculture. In contrast, nonnative species occur less frequently in the north-central a Abbreviations: ln likelihood, natural logarithm of the likelihood function; K, the number of parameters in the model, including the intercept; n, sample size; AIC c , Akaike information criterion corrected for small sample sizes; DAIC c , difference in Akaike information criterion corrected for small sample sizes relative to the best-fitting model; and w i 5 Akaike weight, scaled 0 to 1, which indicates the degree of relative support for a model. b We identified the most parsimonious models (i.e., those that provide the best fit of the data) as those within 10% of the weight of the highest-ranking model. portion of the state, where much of the land is dominated by grasslands, and human population density is low.
Discussion
Invasion success is affected by intrinsic attributes of species and characteristics of the invaded habitat (Stohlgren et al. 1999) . In Nebraska, nonnative plants were more likely to be annuals than perennials (mostly forbs and grasses; Figure 2 ), which could lead to scenarios that select against native species. For example, nonindigenous grasses have been shown to increase the amount and continuity of fuel load and fire frequency, which inhibits less fire tolerant native species (Briske et al. 2006 ). In addition, our data showed that the proportion of trees and shrubs was similar between native and nonnative species (less than 20% combined; Figure 2) , and a greater proportion of nonnative plants were present in uplands (Figure 3) , which is not surprising because upland habitat constitutes . 80% of the landscape. However, these species warrant further study because trees and shrubs may actually have greater per capita effects than do forbs in Midwest ecosystems, especially in upland habitats. Information-theoretical model selection suggested that all four variables (human population density, percentage of grasslands, percentage of agriculture, and percentage of public lands) influence nonnative plant richness ( Table 1 ). Models that included only a single variable (i.e., percentage of agriculture, percentage of grasslands, etc.) ranked lowest among the 12 candidate models, suggesting that those factors, alone, do not influence nonnative plant richness. Similar to McKinney (2001) , our results report that human population density is an important predictor of the distribution of nonnative plant species (Figure 3d ). Nonnative plant species are often spread through human actions (Hodkinson and Thompson 1997) , which result in close relationships between distribution patterns and human populations. For example, roads (which are more abundant in densely populated areas), can provide corridors for plant dispersal (Hodkinson and Thompson 1997; Lundgren et al. 2004 ). Another example is found in urban landscaping. As human population density increases, we would expect an increase in landscaping activities, and thus, the increased chance of nonnative plant dispersal through contaminated nursery stock or garden escapes (see Hodkinson and Thompson 1997) .
Alternatively, certain land-cover attributes have been shown to influence nonnative species distribution. For example, in a comprehensive review of nonnative species in European habitats, Pysek et al. (2010) found that agricultural (and urban) habitats harbored the highest number of nonnative plant and insect species, whereas grasslands and scrub were generally less invaded. In Nebraska, nonnative plant richness exhibited a weak, positive association with agricultural land (Figure 3a) but decreased with an increasing percentage of grassland habitat (Figure 3b ). Historical land use could potentially play a role in our findings, however, because some habitats have had longer ''exposure'' to nonnative species than others (habitats with longer exposure to nonnatives can potentially be more vulnerable to invasions). Information pertaining to historic land use is limited in Nebraska, and further research in this area remains. Nonnative plant seeds have historically been dispersed as impurities in grain (Salisbury 1961 ), but improved seedcleaning techniques and the use of herbicides appear to have decreased the number of nonnative seeds in commercial seed (Tonkin 1982) . Agricultural machinery and the associated disturbance created may explain the increase in nonnative plant richness with a higher proportion of agriculture in a county. Although agriculture seed is far less contaminated than it was, machinery can carry viable seeds (Bakker 1989) , perhaps picked up from ditches or roadsides, and disperse them between sites scattered across relatively long distances (McCanny and Cavers 1988) .
In Nebraska, grasslands have higher native-plant diversity than do agriculture lands (K. L. Decker, unpublished data). Given that nonnative plant richness declines with increasing percentage of grasslands in a county, we examined whether those patterns lend support for the Diversity Resistance hypothesis (communities of high diversity will be more resistant to invasion; Elton 1958; Kennedy et al. 2002) . Scale, however, seems to play an important role in determining that relationship because the hypothesis appears to be supported at small scales (Kennedy et al. 2002; Naeem et al. 2000; Stohlgren et al. 1999) but not necessarily at broader scales Stohlgren et al. 1999) . Habitat type may also influence the relationship between native and nonnative species richness. For example, wet meadows and aspen habitats show high numbers of both native and nonnative species (Stohlgren et al. 1999) . In contrast, our results suggest that both native and nonnative species tend to occur more frequently in upland habitats compared with wetlands (Figure 2) , although there were proportionally more native plants in the wetlands than there were nonnative plants.
Although additional factors (disturbance, climate, etc.) may have confounded our results, this study suggests that, at a large scale, more-diverse habitats, such as grasslands, may be able to resist or constrain invasion by nonnative plants better than do less-diverse habitats (agriculture). However, recent reviews suggest that high-diversity communities constrain the abundance of invasive species once introduced, rather than resisting invasion (Levine et al. 2004) , and thus, studies examining nonnative introductions and dispersal into diverse and lessdiverse habitats in Nebraska are required to further advance our understanding of this pattern.
Previous studies have shown a relationship between the number of nonnative species in nature reserves and the number of human visitors (Lonsdale 1999) . This pattern might help explain the positive relationship between nonnative plant richness and the percentage of public lands found in this study; counties with a higher percentage of public lands tend to have higher, relative, nonnative plant richness. However, we expected public areas to be more rigorously managed for nonnative species, which contradicts our findings. In Nebraska, public lands comprise only about 2.5% of the total land area; however, human activity in these areas may be greater than it is on private lands. Increased human traffic in public areas, including parks and other outdoor recreation facilities, creates high disturbance levels and increases the potential for nonnative species introductions (Pimentel et al. 2005) . Alternatively, the positive relationship between nonnative plant richness and the percentage of public lands may reflect the fact that specimens are more likely to be found and documented from public lands and thus may represent an increased effort in identifying nonnative plants in public areas. Historical use of public vs. private lands may also play a role in nonnative species distribution. However, information regarding historic land use is limited, and further research in this area is needed. The spatial distribution of nonnative plant-species richness in Nebraska (Figure 4 ) provides some insights. More than 50% of the state's total human population resides in the eastern portion of the state, and not surprisingly, that area has high nonnative plant richness. In addition, the largest tracts of public land (refuges, national forests) are found in the north-central and northwestern areas of the state (which have relatively high nonnative plant richness; see Figure 4 ). This pattern corresponds to our finding of a positive association between the percentage of public lands and nonnative plant richness. Although natural discontinuities can occur across the landscape, neighboring counties with dissimilar richness values may reflect uneven sampling, to some extent. Nebraska contains four separate ecoregions, with tall-grass prairie in the east and short-grass prairie in the west (Schneider et al. 2005) . Further exploration of these data and historical land-use data may lead to associations between these ecoregions (and landchanges within each region) and nonnative plant distribution.
Many attempts have been made to characterize the attributes of nonnative species to determine their ability to successfully establish in habitats (Crawley et al. 1995; Thompson et al. 1995; Williamson and Fitter 1996) . Despite generalizations linking invasive species with ''disturbed'' habitats, for example, no trait or suite of traits has been consistently associated with successful invasion (e.g., Forys and Allen 1999) . However, studies that compare characteristics of native species to nonnative species may broaden our understanding and help develop better management strategies (e.g., Rejmanek and Richardson 1996; Smith and Knapp 2001; Thompson et al. 1995) . We found that, in Nebraska, nonnative plant species tended to be annuals (which are typically fast growing, short lived, and produce large numbers of seeds) and likely exhibit characteristics that facilitate their introduction and subsequent spread in susceptible habitats (Bazzaz 1986 ). There is little indication that the rate of introductions has decreased or reached an asymptote, and if landscape change continues, annuals may well dominate many floras. The change from a perennial flora to an annual flora can increase nitrate leaching, alter fire regimes, and decrease carbon storage (Christian and Wilson 1999; D'Antonio and P.M. Vitousek 1992; Dyer and Rice 1999) . In addition, invaded ecosystems (such as these) present a unique framework for examining ecosystem resilience, that is, the ability of systems of people and nature to absorb disturbance without collapsing and reorganizing around a new process regime (Gunderson et al. 2009; Holling 1973) . Invasions change the functions present in a system, and the relationship among species and ecological processes and structures. Invasions can reduce resilience and, in combination with other factors, such as natural or amplified disturbances, lower or raise the thresholds to regime changes. In Nebraska, the potential shift from perennial to annual flora may not only influence ecosystem services but likely lead to a regime change, indicating that resilience has been exceeded. Further research that quantifies changes in ecological structure, process, function, and services and in native species recovery are required to explore how invasive, nonnative species can affect the resilience of ecological systems. Ultimately, understanding the thresholds of particular landuse types (public lands, agricultural lands, etc.) along with the attributes of invasive species will help to predict and ameliorate against their impacts. 
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